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BIIJIUB EJIEKTPOHHOI'O TA TAMMA-OITPOMIHEHHSA
HA JIEJEKTPUYHI BJJACTUBOCTI
KPUCTAUJIIB SnyP>Se

Y  pobGori  mpexacraBieHi

pe3ynIbTaTu
BUCOKOCHEPTeTHYHUMH [3 - 1 Y- YaCTHHKaMH HEJErOBaHUX KpHCTATIIB SnyP,Sg

OTPOMIHEHHS
Ha iX

JOCII/DKEHb  BIUIUBY

JUCEKTPUYHI CHEKTpU. BCTaHOBIIEHO, IIO0 OTPUMAaHi BIAMIHHOCTI B JIICIEKTPHYHHUX
CIEKTpax, BUKJIMKaHi ONPOMIHEHHSIM, € HecTaOUIbHUMH, 1 IEMOHCTPYIOTH ITOBIJIbHI 3MiHH B
MOYAaTKOBUH cTaH mpoTsiroM 2-3 TwkHiB. [lpn npomy BmimB fB- 1 y- OmpoMiHEHHS Ha
JICIEKTPUYHI BIACTUBOCTI KpUCTANiB SnyP.Sg cyTTEBO BiIpi3HAETHCS BiJ Pe3ybTATIB

OCBITJIEHHS IHTEHCUBHUM O1JIMM CBITJIOM.
KiarouoBi ciaoBa:
OTIPOMiHEHHS.

Beryn

Kpucramm  Sn2P2Se €  BmacHumm
CETHETOEJIEKTPUKaMH 3 (Pa30BUM IEpexoa0M
npyroro poay (P21/n — Pn) mpu To = 337 K, 1
BIJOMI SIK TEpPCHEeKTHBHI M'€30€JIEeKTPUYHI,
MIpPOETIeKTPUYHI, ¢dboTopedpakTUBHI Ta
HETHIHO-ONTUYHI MaTepiau. Ix morenmiiiui
3aCTOCYBAaHHS CTHUMYJIIOIOTh TOUIYK edek-
TUBHUX CHOCOOIB Moaudikaiii KIFYOBUX
napametpiB marepiany [1]. Oqaum 3 BizomMux
METOJIB MOJIUGIKyBaHHI € 1HIYyKYBaHHS
nedexTiB LUIIXOM panianiitHoro
onpoMiHeHHs. B maHiit poOOTI JOCIiTKyBaBCS
BIUIMB OIPOMIHEHHS BHUCOKOEHEPTeTUYHUMHU
CNEKTPOHAMH Ta  raMMa-KBaHTaMH  Ha
HU3bKOYACTOTHI  JICTIEKTPUYHI  CHEKTPHU
KpucTaiiB Snz2P2Se.

MeToanKka NpoBeIeHHS eKCIIePUMEHTY

KommnekcHa JienekTpuyHa TMPOHUK-
HICTh € BMMipIOBAJIacs B iHTEpBaJli 4aCTOT BiJ
10 I'm mo 100 x['11 Ta B giama3oHi Temmneparyp
80-450 K 3 BHUKOpHCTaHHSM BHCOKOTOYHOTO
(0.05%) BumiproBaya LCR-819 ¢ipmu GW
Instek, KEpPOBaHOTO KOMIT FOTEPOM.
HeneroBani 3pa3ku MOHOKpHCTamiB SN2P2Ss,
OTPHUMaHUX  METOJOM  Ta30TPAHCIOPTHHX
peaxiiid, OyJIu BUTOTOBJICHI y BUII IJTACTHHOK,
BHpI3aHUX MEPIEHANKYISIPHO MOJSPHIN Ocl, 3
TUMOBUMH po3Mipamu 5x5x2 mm®. Ha nonspi

JIETIeKTPUYHNAN  CIIeKTP,

13

Sn2P2 S,

CETHETOCNEKTPHK, paialliiiHe

3pi3n  OynM HaHECeH1 eNEeKTPOoAH 31 CpiOHOT
nacty. HanpyskeHicTh BUMIpHOTO TOJISl BCTa-
HOBJIIOBAJIACh Ha  piBHI 100 mB/cm.
JlienleKTpu4HI CIEKTPU BUMIPIOBAIUCS MICISA
MOTIEPETHBOIO  BiNAly TMpU TeMIeparypi
400K ma mpors3i TppOX TOAMH, 1 I
pe3ynpTatd OyiM BHUKOPHCTaHI B  SIKOCTI
eTaJIOHHUX.

ExcnepumenTanbHi pe3yabTaTn

3pa3ku ONMPOMIHIOBAIHCH TOTOKOM 3 —
gactok (eHepris 8,6 MeB, ctpym 0,15 MKA,
ryctuna motoky 10 en/em?c mpotsarom 10
XBUJIMH, 71032 OMPOMIHEHHS 8-10° P), Oesmo-
CepeHbO  TICIII  4YOro  JIOCIiKyBasach
4acTOTHA 3aJeXKHICTh JUENEeKTPUIHUX
cnektpiB. IlocnioBHI BUMIpIOBaHHS TPOBO-
JWTHCH 3 iHTepBajioM 24 roaunau. [ anamizy
Ta HAIJSIIHOTO  TIPEJICTABJICHHS  BIUIMBY
OTIPOMIHECHHS Ha enekTpodiznyHi
XapaKTepUCTHKH KpHcTamiB Sn2P2Se, Oymn
nobymoBani giarpamu Koyna-Koyma (puc. 1),
AKi  JTO3BOJSIIOTH BHUSBUTH Yy  CIIEKTpax
HasBHICTh AMCHEPCii peaKcamiifHOro THITY.
Jlns onmcy Takoro THHy aucrepcii € (o) B
TIENEeKTpUKax 3  "'pO3MHUTHM"  CIIEKTPOM
BUKOPUCTOBYIOTh ~ €MIIIpUYHE  PIBHSHHS,
3anpononoBane K. Koysowm i P. Koymom [2]:
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B SIKOMy Ag
CepenHil yac penakcailii, a o - mapameTp, K
XapakTepu3ye  MIpy  pPO3MHTTS  YaciB
penakcanii. Y BUNAJKy BiZICYTHOCTI pO3MUTTS
(mpu o = 0) otpumyemo piBHsiHHS [{e0as).
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Bigznaunmo, 110 Taki 3MiHH CIIOCTEPITal0ThCs
mume Ha Hu3bkux (102+107 ') wactorax. Lle
HMOBIPHO MOB’SI3aHO 3 MOSBOIO 3aPSAIHKEHUX
nedekTiB, abo TPUIIOBEPXHEBUX oOiacTei
00’€eMHOr0 3apsfy, pyX SIKUX B BUMIPHOMY
MoJIi JTa€ JOAATKOBHMM BHECOK B & Ta &’
CunpHa 4YacTOTHA 3aJIeXKHICTh BKa3zye Ha
BEJIMKIM po3Mip HMX 3aps/DKEHUX O00JIacTei,
a00 0oO0yMOBIIeHa iX MaJjol PYXJIHUBICTIO, 1
CKOpillle 3a BCE 3MIHHM CIEKTPiB BU3HAYAE
KOMOIHAIIIS [IUX SBUII. 3 9aCOBOI 3aJIe)KHOCTI
Jiarpam BHJIHO, IO JI0 TOYaTKOBUX 3HAUEHb &’

- JIENEKTPUYHUN BHECOK, T —

SAx  BumHOo 3 puc.la, micuda
OMpOMiHEHHsSI CyTTe€BO (Maiixke B 20 pasiB)
3pOCTalOTh JifiCHA 4YacTHUHA JIeJIEKTPUIHOL
NPOHUKHOCTI € Ta Oimbm Hik 200 pasiB —

ysBHA YacTHMHAa €, 10 XapaKTepusye

JieNeKTPUYHI BTPATH.
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Puc. 1. Yacosa eBoutoris miarpam Koyin-Koyna,
0  XapakTepusye  3MIiHM  TapaMmeTpiB
e(EKTUBHUX peJIaKcaTopiB y 3pa3kax Sn2P2Se,
npu temmeparypi 300K: a — micis onpoMiHEeHHS
B-uyacTuHKaMM (Ha BCTaBKY BUHECEHA Jliarpama,
orpumana micns 120 romuH), b — micns
OCBITJIEHHA OUIMM CBITJIOM, Ta C — IICJsA
OTPOMIHEHHS Y-4aCTUHKAMH.

14

Ta £’ MOBEPTAOThCA MPUOIN3HO 3a 120 roauH.
Taka ngyxe moBUIBHA 3MiHA MOXe OyTH
MOSICHEHA THM, IO HAJJIUIIKOBI EJEKTPOHH,
AKI MOTpanuix B 00’€M 3pa3ka 3a paxyHOK
ONPOMIHEHHS, Oy 3aXOIUIEH! BHYTPIIIHIMU
3apsDKEHUMHU IepeKTaMHu Matepiaiy, 1 TOMy
Ma€ MICIIe JTy>Ke IMOBUIbHA TXHS peKOMOIHAITis.

Jns  aHamizy eBOJIOLIl mapameTpiB
penakcamifHuX mporeciB Oynu moOyaoBaHi
YacoBi 3aJI€KHOCTI MapameTpiB, sIKi BXOASTH
no Bupazy (1) 1 orpumyroTbes 3 giarpam
Koymna-Koyna (puc. 2). KpiMm TOro, ocKiJibKu
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moAiOHI 3MIHM TapaMeTpiB MICIeKTPUIHUX
cnekTpiB SN2P2Se cmocTepiraroTbess TaKOX
Micis  IHTEHCHBHOTO  OCBITJIEHHs, Oy
JOCITIJDKeHI  JICNeKTPUYHI  CHeKTpU  IHX
KPUCTAJIIB TIC/Is ONPOMIHEHHSI OLTMM CBITIIOM
Ha MpoTsA3i TakoX 15 xBuwimH. SIK MOXXHa
Oauuty Ha puc. 1 b, B naHOMy BHIaiKy 4acoBa
€BOJIIOIS €* CyTTEBO Bimpi3HseThecs. Ilicms
OCBITJICHHS, € Ta € 3pOCTAIOTh (BIATOBIAHO B
6 ta 20 pasiB), aje yacoBa 3aJCKHICTh ITUX
napaMeTpiB HE € MOHOTOHHOIO, 1 MPOXOIHTH
yepe3 MakcumMyMm npu ~50 roamHax Tmicis
ONPOMIHCHHS (puc. 2 b,c). Haii6inpm
IMOBIpHOIO € KOMOiHAII0 JABOX TPOLECIB. 3
OJIHOTO OOKYy, 3pPOCTaHHsS KIJIbKOCTI HOCIiB
3apsiay 3a paXyHOK OCBITIICHHS, Ta 3 1HIIOTO,
iX KOMIIEHCAIlisl TMPHEICKTPOIHUMH 00’ €M-
HUMHU 3apsiiaMu  (Tepepo3Moail  3apsiB).
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MoxJIMBHI TaKOXX BapiaHT 30yKEHHS HOCITB
3apsly 3 pIBHIB NPWIMINAHHS B 30HY
MPOBITHOCTI Ta iX TOBUIbHA pEeKOMOIHAIIS.
OcranHiil BapiaHT HiATBEPIUKYETHCS MPHCKO-
pPEHHSM JaHWX TPOIECIB TpPH HarpiBaHHI
3paska.

3 OTpUMaHUX JaHUX MOMKEMO TaKOX
3pOOMTH BHUCHOBOK IO T€, IO KPHUCTAIU
Sn2P2Se 32 paxyHOK HamiBIOPOBITHUKOBUX
BJIACTUBOCTEH JIy’K€ CBITIOUYYTJIMBI, 1 MalOTh
ebektn  oroenexkTpuunoi mam’sati. Lle
O3Hayae, M0 NpU MNPOBEACHHI eneKkTpodi-
3UYHHUX JOCHIJDKCHb U OJICP)KaHHS JIaHuX,
AKl BIAMOBIZAIOTH PIBHOB&KHOMY CTaHYy,
3pa3kd MarTh 3HAXOJWTUCh B TEMpsBi, Ta
nepen BUMIPIOBAHHSMHU BiINATIOBATHCH MPHU
temriepatypi 400-450K Ha npoTs31 He MeHIIe
3 roauH.
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Puc. 2. YacoBi 3MiHM mapaMeTpiB pejaKkcaliitHuX MPoIieciB 3pa3kiB SN2P2Se: 1 — onpoMiHEeHOTO
B-dacTHHKaMH, 2 — OCBITIICHOTO OiJIMM CBITJIOM, Ta 3 — ONPOMIHEHOTO Y-YaCTUHKAMH.

s CTBOPCHHS HE3apsJIKEHUX
nedeKkTiB 3pa3Kd OMPOMIHIOBAJINCH TaMMa-
kBaHTamu (cepenns eaepris ~ 20 MeB, rycTu-
Ha mnotoky 108 kBamt/cM’c) 3  wacamm
ekcro3uIiii 15 ta 45 xB, 1110 BiANOBiAaE J03aM
1,05-10% P i 3,15-10% P BimmosinHO. BeraHos-
JICHO, II0 OTPUMAaHi 3MiHHM y JieJIeKTPUYHHX
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CTEKTpax, BUKJIMKAHI TAKUM OTIPOMiHEHHSM, €
HecTabubHI, 1 AEMOHCTPYIOTh MOBIJIbHI 3MIHU:
penakcariisi B MOYaTKOBUH CTaH JOCSTAETHCS
npoTsaroM 5-7 nHIB. AHanmi3 AieNeKTPUYHUX
CIIEKTPIB CBIIUMTD, 10 ramMma-
BUIIPOMIHIOBAHHSI ~ CTHUMYJIOE  30UIbIICHHS
TeIeKTPUYHOI MPOHUKHOCTI € Ha HHU3BKUX
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gactorax (20-100 T'm) mpubmm3HO B M'ATH
pasis; JIeNeKTpUYHI ~ BTpAaTH  TaKOX
30ubImyoThes B 1,5 - 2 pasu. IMoBipHO, 11€
TAKOXX TIOB’SI3aHO 3 TMOSBOIO JIOJaTKOBUX
3apsIKEHUX Me(EKTIB, pyX IKUX B BUMIPHOMY
MO CTBOPIOE JONATKOBHH BHECOK B & .
30UIbIIEHHS 103U TaMMa-BHIIPOMIHIOBAHHS
(45 xB) mOpU3BOAUTH J1I0  HEBEIUKOIO
30UIBIICHHS TPOBITHOCTI, 1 MPAKTHYHO HE
3MiHIOE BEJIMYHUHY JieNIeKTPUYHOT
MPOHUKHOCTI 'y TIOPIBHAHHI 3 HWKYHUMH
no3amu  pamiamii (15 xB). 3HaueHHS
JIEJEKTPUYHOI TMPOHUKHOCTI TIPH HHU3BKIH
94acTOTi 3MEHIIYEThCA 3 YacoM (poTaroM 96
ronuH Ha 30 BIACOTKIB), a Ji€JICKTPUYHI
BTPaTH 3MEHIIYIOTHCS BIBidYi 3a TOW K€ dYac.

AHaJoriyHa MOBE/IHKA CIIOCTEPITAETHCS TPH
MEHIIIH 1031 ONPOMiHEHHSI.

BucHoBkH

Pamiamiiine (B 1 y) ompomiHEHHS
HeJeroBaHuX KpucTaniB SnzP2Se, mpuBOIUTH
0 CYTTEBOTO 3OUIBIIECHHS J1€JICKTPUIHOL
NPOHUKHOCTI Ta [IENeKTPUYHUX BTPaT Ha
HuU3bkHX yactoTax (10-100 I'r). [ani 3MiHM €
HECTaOUIbHUMH, 1 JAEMOHCTPYIOTh TMOBLIBHY
pernakcalliro y mo4aTkoBUi CTaH MpoTsIroM 1-2
TwkHIB. [lpy 1bOMYy BIUIMB pajialiiHOTO
OTMPOMIHEHHsI 000X THITIB Ha JiCJICKTPHYHI
BJIACTUBOCTI KpucTtanmiB  Sn2P2Se  cyTTeBO
BIIPI3HAETBCSA BIJ BIUIMBY IHTEHCHBHOTO
6iyoro cBiTIIA.
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BJIUSTHUE YJJEKTPOHHOI'O U TAMMA-OBJIYUYEHUS
HA JURJIEKTPUUECKUE CBOUCTBA
KPUCTAJIJIOB Sn,P2Sg

B pabore mpenctaBieHbl pe3yJabTaThl WCCIEIOBAHUS BIHMSHHUS BBICOKOIHEPTETUYECKOTO
00JIy4eHus B ¥ Y YaCTHUIIAMH HEJIETHPOBAHHBIX KPUCTAILIIOB SN2P2Se, Ha UX JHIJICKTPUUCCKUE
CIIEKTPbl. YCTAaHOBJIEHO, YTO TMOJYYEHHbIE OTIUYUA B JUBJICKTPUUYECKUX CIEKTpax,
00yCIIOBJICHHBIC 00JIyUYCHHEM, HECTAOWIBHBI, H JICMOHCTPUPYIOT MEJICHHBIC U3MCHCHHUS B
HAYaJIbHOE COCTOSIHUC HA MPOTsDKeHUH 2-3 Henelb. [Ipu 3ToM BiusHUE - U Y- U3TyYCHUS
Ha TUDJICKTPUICCKHUE CBOHCTBA KPUCTAILTIOB SNoP2Sg CyIIIECTBEHHO OTIMYAIOTCS OT BIIHSHUS

OCBCIICHUA OCNBIM CBETOM.

KxaroueBble ciioBa: Z[I/I3H6KT‘pI/I‘leCKPII>'I CIICKTD, SnzPZS(;, CCTHCTODBJICKTPHUK, paAUAlMOHHOC

obxydeHue.
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INFLUENCE OF THE ELECTRON AND GAMMA-
IRRADIATION ON DIELECTRIC
PROPERTIES OF SnyP,Se

In this work the results of our studies of the effect of high-energy irradiation of the nominally
undoped Sn,P,S¢ crystals grown by vapor-transport technique on their dielectric spectra are
presented. The oriented (polar cut) samples were irradiated with gamma-rays with an average
energy ~20 MeV with various expaosition times (from 15 to 45 min). It was found that the
obtained variations in dielectric spectra, caused by the irradiation, are unstable, and
demonstrate slow changes: the measurements performed with time intervals of about 24
hours show that the relaxation to the initial state is reached during 2-3 weeks. Besides, an
analysis of the dielectric spectra leads to the following conclusions: gamma-radiation
stimulates an increase of the dielectric constant €' at low frequencies (20-100 Hz), measured
immediately after pre-illumination, approximately in five times. The dielectric losses also
increase in 1.5-2 times. Most likely this occurs due to an appearance of additional charged
defects, movements of which in measuring field produces an additional contribution to the €'
values. These charged defects produce stronger impacts at low frequencies, indicating on
their relatively large size and/or their low movability, i.e. their localization.

The measured dielectric spectra were compared with the same results obtained after radiation
with fast electrons and intense white light. After lightening, as well as beta-irradiation, we
observed decreasing of the value of low-frequency (~10 kHz) dielectric constant gy with time.
In contrast, gamma-radiation leads to increasing of the dielectric constant, and subsequent
relaxation with saturation after ~40 hours. The time evolution of the efficient parameters of
the dielectric dispersion (dielectric contribution Ag, relaxation time t and diffusion parameter
o) were estimated. After irradiation by gamma-rays and fast electrons is observed a
decreasing of the Ae, a and time constant values. After lighting is observed more complicate
relaxation when these parameters initially are rising, and then are falling. This indicates that
the white-light lightening has a stronger effect on the dielectric properties of the Sn,P,Sg
crystals as compared with gamma- and beta-radiation.

The results of our experiments with preliminary irradiated by gamma-rays, fast electrons or
intense white light indicate on substantially different mechanisms of the induced defects, and
relatively slow subsequent relaxation of the dielectric parameters. Note that variations of the
optical density induced by the radiation were did not marked.

Keywords: dielectric spectra, ferroelectric, p and vy irradiation.
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